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High pressure X-ray diffraction study reveals  that  P r T e ,  SmTe and 
E u T e  which p o s s e s s  NaCl type s t ructure transform to  C s C l  type  a t  
90 i 1 0 ,  110 t 10, 100 t 10kbar  respect ively.  Pr ior  to t h i s  t rans-  
formation SmTe shows an anomalous decrease  in volume with pres- 
s u r e ,  which i s  attributed to the  4f-5d electronic  t ransi t ion.  
RARE earth monochalcogenides crystal l ize  in 
NaC1-type s t ruc ture  and a re  ei ther  metallic or 
semiconducting depending on the  valence s t a t e  
of the rare earth ion; metal l ic  if trivalent and 
semiconducting if divalent .  Sm, E u  and Yb have  
a stable divalent  s t a t e  and hence  their  compounds 
are semiconducting. Also  Tm in TmTe i s  divalent 
and the compound i s  semiconduct ing.  They have  
anomalously large l a t t i c e  cons tan ts ,  in the  s e r i e s  
of rare earth cha lcogenides ;  t h e s e  exhibit a sys-  
tematic d e c r e a s e  in  t h e  l a t t i c e  constant  with 
increasing atomic number of the  rare earth ion. 
Recent high pressure  s t u d i e s  on EuTe  4 SrnTe,' 
TrnTe6 Smse' and S ~ S '  have  revealed that  under 
Pressure t h e  rare earth ion undergoes an elec- 
tronic transition from t h e  divalent  to the  trivalent 
State. Resis t ivi ty  measurements  under pressure 
have indicated that  such a transition takes  place 
continuously in T m T e ,  SmTe and SmSe and dis-  
Sontlnuousiv in sms at about 6.5 kbar. I n  t h e s e  
transformat,ons the NaCI-type s t ructure i s  retain- 
ed but the l a t t i c e  parameter contracts  by about 
4 Per cent .  
1 
2 .  3 
, 
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CuTe and find a p ressure  induced phase  trans- 
'"mation from N ~ C ~  to CsCl- type s t ructure near  
I n  t h e  present study w e  have  investigated by 
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about 100 kbar. In SmTe, prior to  t h i s  transform- 
at ion,  the  l a t t i c e  parameter  undergoes an anom- 
a lous  d e c r e a s e  with p ressure ,  due  to  continuous 
4f-5d electron promotion. We be l ieve  that  a 
pressure induced t rans i t ion  from NaCl type  s t ruc-  
ture should b e  a common fea ture  among the  rare 
earth monochalcogenides.  
Samples were prepared by react ing in a quartz 
tube  s toichiometr ic  amounts  of high purity Te and 
the rare ear th metal  a t  700°C and subsequent  
melting of t h e  product in  a s e a l e d  tantalum con- 
tainer  kept in vacuum. T h e  material thus  obtained 
w a s  polycrystal l ine with large s ing le  c rys ta l  
regions. T h e  NaC1-type s t ructure and the  l a t t i c e  
constant  were verified from X-ray powder d i f f rac -  
tion da ta .  SmTe and E u T e  had conduct ivi t ies  in  
t h e  range lOO0n cm, while  PrTe with PI  in the  
trivalent s t a t e ,  exhibi ted metal l ic  conductivity. 
High pressure  X-ray s t u d i e s  were carr ied out 
using a diamond anvi l  camera of the  type  de- 
scr ibed by B a s s e t t ,  T a k a h a s h i  and Stook.' Moly- 
bdenum radiation w a s  u s e d  to  record the  powder 
patterns. T h e  p r e s s u r e  generated was  est imated 
using Ag a s  internal  s tandard.  Powder pattern of 
the  sample w a s  recorded a t  zero appl ied pressure 
and then a t  s e v e r a l  increas ing  p r e s s u r e s  up to  
150 kbar. In t h e  lower p r e s s u r e  ranges da ta  were 
col lected us ing  McWhan-Bond 
9 camera with NaCl 
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FIG. 1. T h e  compression curve for SmTe obtained 
from high pressure  X-ray diffract ion da ta .  . and 
o - d a t a  points  from diamond anv i l  camera with 
a s i lve r  marker; c ~ with NaCl  marker. I - 
McWhan-Bond camera with NaCl marker. 
marker. A pattern recorded af ter  t h e  r e l e a s e  of 
t h e  p ressure  indicated that t h e  changes  observed 
were reversible .  
In F i g .  1 t h e  l V t l ,  ob ta ined  from X - ~ a y  da ta  
i s  plotted against  p ressure  for SmTe. In the prcs- 
s u r e  range 1-100 kbar,  t h e  volume s h o w s  ail 
anomalous d e c r e a s e  with p ressure .  No  change  in 
the s t ructure  is observed in t h i s  p ressure  range, 
i t  cont inues to retain t h e  NaCl-type s t ructure .  
T h e  l a t t i ce  parameter however, undergoes an 
anomalo.is d e c r e a s e  with p ressure  and the \.olume 
decrease  at 100 kbar is about 24 per  cent .  We at-  
tribute t h e  observed abnormal compression t o  a 
change  in the va lence  s t a t e  of t h e  SmZi  t o  Sm3’  
with pressure,  d u e  t a  4+5d electron promotion. 
O u r  p ressure  volume d a t a  i n d i c a t e  that t h i s  e lec-  
t ronic  t ransi t ion i s  sp read  over  3 broad pressure  
range. In th i s  respec t  t h e  pressure- volume be- 
haviour 1s cons i s ten t  with ea r l i e r  r e s i s t a n c e  mea- 
~ u r e m e n t s ” ~  which indicated a cont inuous 4f-Sd 
electron promotion. 
A new s e t  of  l ines  are observed  in t h e  X-ray 
photographs a t  p ressures  above  110 kbar. T h e s e  
a re  t h e  diifractlon lines from a high pressure  ph ,  
which is IdentiflPd as h a i i n g  t h e  CsCl- type stis 
ture. T h e  diiiraction l ines ,  f rom both NaCI anrj 
C s C l  phases cu-exis t  over  a s m a l l  p r e s s u r e  rang 
At about 150kbar ,  oniy  t h r  llnes f rom t h c  CsCi  
phase  arc  observed. I n  F ig .  1 t h e  discont inuir i  ,, 
volumc at about 110 kbar IS d o e  to t h e  phase t r a l  
s i t ion f rom NaCl to the C s C l - t y p e  s t ruc tu re .  The 
volume change assoc ia ted  x i t h  t h l s  t r ans i t i on  li  
about 9 pr i  ccnt.  
Europiun: telluride undergoes  NaCl to Csci 
t y p e  p h a s r  triinsitiotl a t  aboui 100kb;ir. T h e  torn 
of the compression c u r v e  seems t o  b e  diifercnt 
from that observed i n  SmTe and d o e s  not  suggest, 
any appreciable  conversion of E u ”  t o  Eu’’ befar 
NaCI-CsCI type transition t a k e s  place. T h e  
A\.;/[’, at 80kbar is about 14  per  cen t .  O u r  injt,a: 
compressibility is in fair agreement with  tlie comi 
pressibi l i ty  measured by Levy and i l ach te r .  
I 
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In the c a s e  of PrTe, wherein PI i s  in  the 
valent  s t a t e ,  t h e  NaCI-type p h a s e  has  a much 
s m a l l e r  compressibility compared to t h e  NaCI 
p h a s e  of SmTe and EuTe. F o r  i n s t a n c e ,  ~\l,;l!o 
a t  90 kbar i s  4.5 per cent .  T h e  NaC1-type phase 
of P r T e  exhibi ts  a volume d i scon t inu i ty  at 90 I 
l 0 k b a r  due  to a phase t rans i t ion  t o  ttw CsCI-tyl 
s t ructure .  T h e  volume change a s s o c i a t e d  with 
th i s  transition IS about 11.5 pri cen t .  
4 II 
Rooymans has  inves t iga ted  E u T e  a s  >wi: 
as  SmTe a t  high p ressures  and h a s  reported an 
isostructural  transition i n  both. T h e  transition 
was attributed to a change in  t h e  v a l e n c e  state 
of Eu and Sm t o  t h e  trivalent s t a t e .  F u r t h e i ,  
s i t ion occurs discont inuously near  30 and 30 kbai 
i n  E u T e  and SmTe respect ively.  In t h e  case of 
SmTe, both with regard to t h e  mode of occurrelii 
af t h i s  transition and t h e  p r e s s u r e  ranges,  our 
da ta  are in var iance with Rooymans.  O u r  X-ray 
d a t a  sugges t  that t h e  e lec t ron i r  t r ans i t ion  i n  
SmTe t a k e s  p lace  over ii broad p r e s s u r c  range. 
With regard to E u T e ,  o u r  high p r e s s u r e  X-ray da[a 
sugges t  that no appreciable  convers ion  of b:u2~ 
t o  Eu3’ t a k e s  p lace  in i h e  NaCl p h a s e .  
Rooymans 4 1 1  h a s  sugges ted  tha t  t h e  above  Iris. 
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Hochdruck-Rontgenbeugung untersuchungen ergeben. da13 P r T e ,  SmTe 
and E u T e ,  d ie  e i n e  NaC1-artige Struktur bes i t zen ,  verwandeln s i c h  
be i  9 0  i 10 ,  110 I 10 bzw. 100 i 1 0 k b a r  in e i n e  CsCI-ar t ige Struktur. 
Vor d i e s e r  Verwandlung zeigt  SmTe mit zunehmendem Dmck C i n e  
anomale  Volumenverminderung auf, d ie  auf den  4f-5d Elektronen-  
dbergang  zurdckgefiihrt wird. 
